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DESIGN OF A WOOD WASTE-TO-OIL PILOT PLANT 
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I 

The Pi t t sburgh  Energy Research Center of t h e  U.S. Bureau of Vines has, 
f o r  a number of years,  been involved i n  proprams f o r  the  conversion of coa l  
t o  f u e l  o i l .  
t h a t  low-rank coa ls  could be hydropenated with carbon rronoxide and stealp, 
is  cur ren t ly  beinp developed. An in t e re s t ing  and s i g n i f i c a n t  of fshoot  of 
t h i s  work was the  observation t h a t  l i pn in ,  c e l l u l o s i c  r ra te r ia l s ,  and p l a s t i c s  
could be converted t o  o i l  by the  same chemical processin?. 
p o t e n t i a l  e x i s t s  f o r  the  d isposa l  of vas t  arounts of environrrental po l lu t an t s  
and the  c rea t ion  of a rep len ishable  enerey source. 
equiva len t  of one b i l l i o n  tons of dry,  rrineral matter-free organic waste w i l l  
be  generated i n  t h e  U.S. i n  1974. 
Btu o r  approximately 17 pc t  of t h e  t o t a l  estimated 1974 energy consumption i n  
t h e  country. Bas ica l ly  the  waste-to-oil process involves the  r eac t ion  of carbon 
monoxide and steam with organic waste mater ia l  i n  t h e  presence of sodiurr 
carbonate c a t a l y s t  a t  temperatures of 250°-400" C and 2 , 0 0 0 4 , 0 0 0  p s i r  
p ressure .  The technica l  f e a s i b i l i t y  of t he  process was demonstrated i n  
batch autoclave and bench-scale continuous process un i t  runs2' 3; t h e  r e s u l t s  
and observations from t h i s  work was  t he  b a s i s  f o r  t he  design of a p i l o t  p l an t  
f o r  converting 1-3 tons per day of wood chips t o  o i l .  
cu r ren t ly  being constructed on t h e  s i te  of the  Bureau of Mines Meta l lurp ica l  
S t a t ion  a t  Albany, Oregon. An ove ra l l  process-flow diagram i s  presented i n  
F igure  1. 

Wood Chips Drying and Grinding 

One such process,  based on the  f ind inps  of F ischer  & Schrader '  

Thus, t h e  

Estimates i n d i c a t e  t h a t  t he  

The enerpy value of t h i s  waste is  12-16 x 10 

. 

This p i l o t  u n i t  is 

The wood chips (1/4" x 2" x 2" maximm s i ze )  w i l l  be withdrawn frolp 
t h e  s torage  b i n  by t h e  t a b l e  feeder and fed  i n t o  a ro ta ry  dryer where the  
moisture content w i l l  be reduced from 45 t o  4 w t  pc t .  The dry chips will 
b e  pulverized t o  -50 mesh i n  a hamermi l l  and then conveyed pnemat i ca l ly  
i n  an i n e r t  gas stream t o  the  wood f l o u r  surge bin. 

Feed Systems 

The area of p r inc ipa l  d i f f i c u l t y  encountered i n  the  operation of the  
bench-scale continuous units was the  feeding of t h e  wood o i l  s l u r r y  i n t o  t h e  
reac tor .  This problem is  caused by the  f ib rous  na ture  of the  c e l l u l o s i c  
w a s t e  material and i t s  low-bulk density.  Accordingly, t h ree  sepa ra t e  feed 
systems were designed i n t o  the  wood-to-oil p i l o t  p lan t ;  nanely, 

1. Wood-oil slurry feed 
2. Pre t rea ted  wood-oil slurry feed 
3. Solids feed 

I n  the  wood-oil slurry feed system, the  pulverized wood w i l l  be continuously 
nixed with some of t h e  product o i l  t o  form a s l u r r y  containing 30 w t  pc t  so l id s .  
This s lu r ry ,  which is extremely s t i f f ,  w i l l  be in j ec t ed  i n t o  the r eac to r  feed 
l i n e s  by a high-pressure plunger pump with spec ia l  check va lves  t o  minimize 
fouling. 
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The p re t r ea t ed  wood-oil s lu r ry  system is very s imi l a r  t o  the  wood-oil 
s l u r r y  feed technique wi th  the  exception t h a t  t he  r a w  wood chips w i l l  f i r s t  
undergo a p a r t i a l  carboniza t ion  to  inc rease  t h e i r  bulk density.  Hopefully, 
s l u r r i e s  of g rea t e r  t han  30 w t  pc t  concentration of wood can be prepared 
through t h i s  technique. The pretreatment w i l l  involve hea t inp  the  raw wood 
chips with some add i t iona l  w a t e r  to 500" F i n  a closed vesse l .  A p ressure  
of approximately 700 p s i g  w i l l  be  developed froE the s t e a r .  Af te r  process 
conditions have been maintained fo r  a f ixed  t i m e  period, t he  p r e t r e a t e r  and 
its contents w i l l  be cooled t o  150" F by means of an ex te rna l  pump loop and 
an a i r  cooled hea t  exchanper. The p re t r ea t ed  wood w i l l  then be separated 
from the water by vacuum f i l t r a t i o n ,  d r ied ,  pulverized t o  -50 mesh, mixed 
with recycle o i l ,  and f e d  t o  t h e  reac tor  a s  described previously. 

Direct s o l i d s  feeding  of wood f l o u r  w i l l  be accomplished by a lock-hopper 
system. This method of opera t ion  p e r m i t s  t h e  g r e a t e s t  throuphput per reac tor  
volume but is q u i t e  complex and d i f f i c u l t  t o  operate.  Basically the  feed system 
cons i s t s  of two pressure-balanced lock hoppers which w i l l  be used a l t e rna te ly .  
The process gas,  carbon monoxide, nust be used t o  pressur ize  the  feed system 
because of p a r t i a l  p ressure  considerations;  i.e., the  p a r t i a l  p ressure  of t he  
carbon monoxide i n  t h e  r e a c t o r  would be reduced considerably i f  i n e r t  gas were 
used t o  p re s su r i ze  t h e  lock  hoppers. 
a ro t a ry  feeder  i n s t a l l e d  on t he  e x i t  s i d e  of each lock hopper. 
a lock  hopper a t  atmospheric pressure  w i l l  be f f l l e d  with -50 mesh wood f i o u r  from 
the s torage  bin.  
s o l i d s  fed t o  r eac to r  v i a  t h e  ro ta ry  feeder. 
p ressure  i n  t h e  vessel is  reduced to atmospheric by f i r s t  venting t o  a carbon 
monoxide surge tank and f i n a l l y  t o  a f l a r e  stack. The surge tank, which is not 
shown i n  f igu re  1, is used t o  capture mst of t he  carbon rronoxide from the  lock 
hopper f o r  re-compression and reuse i n  the  next cycle.  
recyc le  o i l  w i l l  be pumped separa te ly  i n t o  the  reac tor  so t h a t  the des i red  r a t i o  
of wood-to-oil can be maintained. 

Meterinp of the  s o l i d s  w i l l  be e f f ec t ed  by 
l 

During operations,  

The u n i t  w i l l  then be pressurized t o  operatinp pressure  and the 
When a lock hopper is empty, the  

In  t h i s  feed system, 

Cata lys t s  and Process Gas 

Sodiun. carbonate s o l u t i o n  w i l l  be prepared and pm-ped continously i n t o  the 
reac tor  by means of a high-pressure plunger pump. 

Carbon Eonoxide process gas w i l l  be taken from 35,000 scf tube trailers and 
compressed to  opera t ing  pressure  i n  a non-lubricated, non-contaminatinp d iaphragp  
type compressor. 
interchanger and sparged in to  the  reac tor .  
H2:CO molar r a t i o s  w i l l  be used as the process gas. 

The compressed process gas w i l l  be preheated i n  a gas-gas 
Later,  synthes is  gases of var ious  

Reaction and Subsequent Processing 

The reac t ion  w i l l  t ake  p l ace  continuously a t  temperatures i n  t h e  range of 
250"-400" C and pressures  of 1,500 to  4,000 psig. 
reac tor  w i l l  b e  cooled t o  200" C i n  an air-cooled bottoms cooler  and pressure  
reduction w i l l  be e f f e c t e d  by a pressure  reducing valve operating on a reac tor  
l i q u i d  l e v e l  con t ro l l e r .  
the  remaining w i l l  be co l l ec t ed  i n  a bottoms tank and then pumped t o  a centrifuge 
where o i l  and water a r e  separated.  
s o l i d s  and t ransfer red  t o  a hold tank. 

The l i qu id  flow from the  

A s  the  pressure  is reduced, some l i q u i d  w i l l  f l a sh  and 

The o i l  w i l l  then be f i l t e r e d  t o  remove any 
Residual gases from the  f l a s h  tank w i l l  

\ 
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be measured, analyzed continuously f o r  carbon mnoxide,  carbon dioxide, and 
hydrogen and f la red  i n  t h e  f l a r e  s tack .  

The reac tor  off-gases w i l l  be cooled i n  a gas-gas interchanger and then 
undergo a pressure reduct ion by means of a reducing valve operating on a pressure 
cont ro l le r .  The gas w i l l  then be cooled t o  80" C i n  an off-gas cooler ,  measured, 
analyzed continuously f o r  carbon monoxide. carbon dioxide, and hydrogen, and 
f i n a l l y  f lared.  

The plant  has t h e  c a p a b i l i t y  of producing 3 b a r r e l s  of o i l  per  day from wood 
waste. 
t o  55-gallon drums. 
content ,  benzene so lubles  and inso lubles ,  asphal tenes ,  v i scos i ty ,  and hea t ing  
value. 
completion of the  wood-to-oil program. 

The product o i l  w i l l  be co l lec ted  i n  an o i l  hold tank and then t ransfer red  
Routine product o i l  a n a l y s i s  w i l l  include water and s o l i d s  

Present plans call  f o r  the  processing of o t h e r  orpanic  waste products upon 
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